Henri Coandȃ was born in Bucharest and developed a fascination with flight following the Wright brothers' first motorised flight in 1903 1 . He became an aeronautical engineer, and amongst his 1500 inventions was an aircraft that used a piston engine to power a rotary compressor, drawing air in at the front and generating thrust without a propeller. He exhibited this early jet engine at the International Aeronautical Fair in October 1910 and claimed to have flown it very briefly two months later on 16 December. This momentary flight apparently ended when he became distracted by the success of the initial take-off and crashed the plane, falling 10 m into a haystack, breaking his left arm and burning his cheek 2 .
In 1932, he described and patented the Coanda effect, whereby a flow of liquid or gas exiting from a jet nozzle will follow an adjacent curved surface. Fluidic technology utilises this effect by providing two alternate curved pathways or channels for the high-pressure jet stream. The stream can be flipped from one channel to the other by a brief low-pressure jet applied perpendicular to the stream. This fluidic amplifier has many applications where electronics may be unreliable 3 .
Early anaesthetic ventilators were electronic, not ideal at a time when ether and cyclopropane were the most popular anaesthetic agents. Dr Duncan Campbell, while living and working in the UK, devised a valve-controlled, electric ventilator which seemed to work reasonably well until it delivered a nasty electric shock 4 . His ventilator experiments were put on hold and he did not develop the idea further until he moved to Australia in the late 1960s. It was the crash of a rocket which stimulated his interest again. At the time, fluidic systems were being used for rocket guidance as they were not affected by severe vibrations or magnetic disturbances. A rocket, which had crashed to earth due to a failure of the fuel mechanism, was retrieved from its crater and the fluidic control system was found to be in perfect working order. It seemed the perfect system for an operating theatre: "something robust that could be knocked around, remain reliable and not explode" 4 .
The initial problem was getting the parts. Manufacturing company Ulco Medical had been working with Campbell on another project, the development of pneumatic lifting COVER NOTE
The Campbell Ventilator
Left to right: Campbell ventilator with "hanging bellows", Campbell ventilator (Mark 5) with "rising bellows". Both have disconnect alarms.
trolleys for patients 5 . This project was ahead of its time and was never commercially viable; however it did give Campbell the contacts he needed to obtain the fluidic components (at the time only available within the industry). Having obtained the components, Campbell designed the first prototype that worked perfectly but involved a complex system of tubing which was rejected by every manufacturer. The solution was to assemble all the fluidic components as channels in a type of engraved circuit board, something which could be easily made as a template and therefore compact and reproducible. After obtaining a patent, Campbell returned to Wally Brown, the director of Ulco Pneumatics, with the new design. Wally, together with John Uhlir from Ulco Engineering, agreed to make an initial ventilator for $1100. The engineering division had no prior experience with ventilators, but they had several skilled instrument makers and a reputation for building equipment with long term reliability.
In the end, they made two ventilators so that there was a spare for demonstration purposes. Duncan Campbell took delivery of his first ventilator on 28 April 1975, and the other one was eventually sold to the Children's Hospital in Camperdown. Orders slowly began to trickle in and the company began making them in batches of six. Campbell described his ventilator at the ASA Annual General Meeting in Hobart in 1974, whilst the prototype was still in production, and published the details of its function in the literature in 1976 6 . Beyond that, he distanced himself from the marketing of the ventilator, not wanting to be seen as having a conflict of interest. He retained the patents initially but finally sold them to Ulco and became a share holder in the company.
The initial fluidic ventilator had appeal beyond the hospital, and in 1982 a Campbell ventilator was modified for use with anaesthetised horses 7 . The ventilator had an upper limit of 1000 ml tidal volume delivery and adult horses require tidal volumes of around 6 litres. The bellows was removed from the ventilator and the controls, modified to cope with much higher gas flows, were used to drive a separate 14 litre bag in a transparent cylinder. Only the initial prototype was described in the literature, but the advantages of the fluidic controls in the early Campbell ventilator were as apparent to the veterinarians as they were to anaesthetists: "A fluidic system appears to offer many advantages over electrical and pneumatic systems. Fluidics are unaffected by vibration and shock levels which would damage electronic components and are free from problems of sticking moving parts which can affect pneumatic systems. In addition, there is absolute safety in explosive environments and there are no electrical hazards for patient and staff" 7 .
The subsequent modifications to the ventilator reflect the willingness of the company to listen to feedback from anaesthetists and the ongoing involvement of the anaesthetist/designer. There were many changes. In 1980 a Campbell ventilator was incorrectly assembled after cleaning, leading to a leak of driving gas into the patient circuit 8, 9 . This incident was detected and appropriately managed by the anaesthetist with no lasting consequences for the patient, but it did result in an improvement in the literature supplied by the company with complete instructions for cleaning and reassembly. Although initially produced with a negative pressure expiratory phase, this was soon eliminated as it was never used. A silencer was added, as the first ventilators were quite noisy. Initially the ventilator had a 'hanging' bellows which visually gave an impression of filling, even if disconnected. Eventually the ventilator was redesigned so that the bellows rose as they filled, but the problem of disconnection remained and a disconnect alarm was incorporated. Disconnect alarms were problematic in these early days-producing false alarms or not working despite significant leaks, they were often turned off by frustrated anaesthetists 10, 11 . Duncan Campbell eventually completely redesigned the disconnect alarm so that it was permanently on when the ventilator was running, could not be adjusted and alarmed immediately on disconnection 12 . This redesign was sufficiently revolutionary and allowed another patent to be granted to Campbell and Ulco. The disconnect alarm was a feature of the Campbell EV500, an electronic version produced in the late 1980s, as electronic controls had become safe enough to replace the original fluidics. The electronic version then allowed accurate timing, a visual display of settings, the built in disconnect alarm and reduced gas consumption.
In 2003 John Uhlir retired and Ulco was sold. By then, over 3400 ventilators had been produced by Ulco and, despite a move to more integrated anaesthetic machines, the EV500 is still available and being used in Australia, New Zealand and other parts of the world 13 . Duncan Campbell retired from anaesthesia in 1996 but continues A complimentary membership service allowing you to easily enter and manage CPD activities online A structured approach to maintain your knowledge and skills Smartphone and tablet compatible CPD: let'S make it eaSy
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Aust alian Society f Anaesthetists to take an active interest in the design and manufacture of anaesthetic equipment. He is currently working on a noninvasive cardiac output monitor, and in 2011 was awarded the Robert Orton Medal for his contribution to anaesthesia.
